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(57)Abstract: 

PURPOSE: To form a high resolution resist image. 

CONSTITUTION: A resist image is formed through a process for forming a film contg. poly 
(2-1 2C alkylphenyOsilane, a process for imagewise exposing the film with radiation and a 
process for developing the film by a known technique such as processing with an org. 
solvent. Since the poly(2-12C alkylphenyOsilane has high sensitivity especially to UV of 
short wavelength, the objective high resolution resist image is formed. 
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[57] ABSTRACT 

The present invention relates to the use of certain polyalky- 
lphenyl silanes in photoresists to generate positive tone 
resist images. The polyalkylphenyl silanes have the formula: 




where R is C2-C12 alkyl and n is about 150 to 7000. 
6 Claims, 1 Drawing Sheet 
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PROCESS FOR USE OF PHOTOSENSITIVE silane comprising the steps of (a) forming a film comprising 

POLYSI LANES AS PHOTORESIST Poiy(C 2 -C 12 alklylphenyl)silane; (b) imagewisc exposing 

the film to radiation and (c) developing the image by art 

Hi is is a continuation of application Ser. No. 07/981,903 known techniques such as by treatment with an organic 

filed on Nov. 23, 1992, now abandoned, which is a continu- 5 solvent The film can be coated directly onto a substrate or 

ation of application Ser No. 07/664,259 filed on Mar. 4, more preferably as a top layer of a bilayer resist. 

1991 abandoned. Suitable poly^-C^ alkylphenyl)silanes for use in the 

FIELD OF THE INVENTION 

The present invention relates to a process for the use of 10 
photoseusitive polysilanes as photoresist in the manufacture 
of integrated circuits. 



process of the present invention have the formula: 



BACKGROUND OF THE INVENTION 



There is a desire in the industry for higher circuit density 15 
in microelectronic devices made using lithographic tech- 
niques. One method of achieving higher area density is to 

improve resolution of circuit patterns in resist films. The use where R is C2-C12 alkyl acd n is about 150 to 7000. 

of shorter wavelength radiation (e.g. deep UV-220 to 280 Preferred polyfQ-C^ alkytphenyl)silanes are poly (lower 

nm) than the currently employed near and mid-UV spectral 20 alkyl (C 2 -C s ) phenyl) silanes where the alkyl substituent is 

range (300 nm to 450 nm) offers the potential for improved linear, branched or cyclic such as ethyl, propyl, butyl, hexyl 

resolution. However, with deep U V radiation, fewer photons or the like. The alkyl and phenyl substituent of the polysilane 

are transfered for the same energy dose to achieve the same can be each independently substituted with one or more of 

desired photochemical response. Further, current litho- a variety of substituents such as alkyl, alkoxy, alkylamino, 

graphic tools have greatly attenuated output in the deep UV 25 or alkoxyalkyl. Other suitable substitutents which do not 

spectral region. Therefore, there is a need in the art to interfere with the photodegradation of the polysilane and do 

develop resist materials which are more sensitive to radia- not effect the desired properties of the polysilane will be 

tion in deep UV. known to those skilled in the art. 

Poly(bisaIkyl)siianes and poly(methylphenyl)silane are Preferred poly(Iower alkyl phenyl) silanes include poly 

known in the art for use as a resist e.g. in making bilayer 30 (ethyl phenyl) silane, poly (ethyl p-tcrtbutylphcnyl) silane, 

photoresist, Miller et al., Materials for Microlithography, poly (hexyl phenyl) silane and poly (ethyl-p- 

ACS Symposium Series 266, page 293, 1984. The bilayer methoxyphenyl) silane. 

resist comprises an imaging, oxygen plasma resistant pol- The polymer can be conveniently prepared by admixing at 

ysilane layer over a planarizing polymer layer coated on a an elevated temperature the corresponding alkyl phenyldi- 

substrate. When the resist is imaged, the radiation causes 35 chlorosilane monomer in a suitable solvent such as toluene 

photochemical degradation of the exposed polysilane into with sodium dispersed in toluene. The addition of diglyme 

lower molecular weight material. Photochemical degrada- or crown ethers may increase reaction yield but also lowers 

tion is accompanied by a proportional amount of spectral the molecular weight of the polymer. Suitable molecular 

bleaching which is used in the art to measure the degree of weights for the polysilane are about 30,000 to 3,000,000. 

degradation. The degradation of the exposed polysilane 40 Polymers having a glass transition temperature above room 

enables wet development of a positive image with common temperature are preferred for ease of processing and a higher 

organic solvents. The image is then transferred through the temperature for dimensional stability during oxygen plasma 

underlying polymer layer to the substrate by oxygen plasma development. 

development. However, current polysilanes lack sensitivity The poly(C2-C\ 2 alkylphenyl)silane used in the process 

and require large radiation doses of 100 to 400 millijoules/ 45 of the present invention may optionally be admixed with 3 

cm 2 for suitable imaging and therefore are generally less to 12 mole % of photosensitizers such as 1,4-bis 

desirable for commercial use especially in deep UV. It is (trichloromethyl) benzene, 1,3,5-tris (trichloromethyl) 

therefore an object of the present invention to provide triazine, N-(methylphenyJsulfonoxy) phthalimide or 

improved photosensitive polysilanes for use as photoresist. N-(trifluoromethylsulfonoxy) phthalimide. Other sensitizers 

Other objects and advantages will become apparent from 50 for ™ th polysilane in the process of the present inven- 

the following disclosure. " ^on will be known to those skilled in the art. 

The poly(C2-C 12 alkylphenyl)silane for use in the process 

SUMMARY OF THE INVENTION of the presenl invention can be a copolymer formed with 

The present invention relates to a a process for using alkylphenylsilylene and other silylene units such as 

photosensitive poly^-C^ alkylphenyl)silanes in a photo- 55 bis-alkylsilylene and processes utilizing such copolymers 

resist to generate positive tone images. The present inven- are contemplated as equivalents of the the process claimed 

tion also relates to an integrated circuit made by the process herein. 

of the present invention. The first step of the process of the present invention 

A more thorough disclosure of the present invention is involves forming the film of poly^-Cu alkyiphenyl) 

presented in the detailed description which follows and from 60 silane on the bottom planarizing polymer layer of a bilayer 

the accompanying drawing in which FIG. 1 is a graph of resisl or on a substrate. Suitable substrates include silicon, 

sensitivity contrast curves. ceramics, glass, quartz or the like. The film can be formed 

using art known techniques such as spin or spray coating, or 

DETAILED DESCRIPTION OF THE doctor blading. 

INVENTION 65 j n me secouj s t e p of the process, the film is imagewise 

The present invention relates to a process for generating exposed to electromagnetic radiation suitably at a wavc- 

positive tone images in a film of poly(C2-C 12 alkyiphenyl) length of about 200 to 500 nm, preferably 20Q-300 nm. 
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Suitable radiation sources include various arc lamps such as 
mercury, deuterium or excimer laser sources. The radiation 
causes photodegradation of the polysilane into lower 
molecular weight fragments (often with oxygen 
incorporation) which are soluble in organic solvents. The 
poly(C 2 -C 12 alkylphenyl)silanes used in the process of the 
present invention degrade more r apidly than prior art 
polysilanes. Further the polysilanes of the present invention 
degrade into smaller molecular weight units per absorbed 
dose than prior art polysilanes and also undergo greater 
photodegradation per absorbed dose at shorter wavelengths 
such as deep UV. 

The third step involves development of the image. Suit- 
able development can be done with organic solvent mixtures 
such as toluene-cyclohcxanol, t-butylacetatc-isopropanol, 
n-butylacetate-isopropanol and other like mixtures using art 
known techniques. 

A preferred process of the present invention involves a 
bilayer resist and comprises the steps of (a) coaling a 
substrate with a plan arizing polymer layer; (b) coating the 
polymer layer with a film comprising poly(C 2 -C 32 
alkylphenyl)silane; (c) image wise exposing the film to radia- 
tion (d) developing the image in the film by art known 
techniques such as by treatment with an organic solvent and 
(e) transferring the image through the polymer to the sub- 
strate by art known techniques such a oxygen plasma 
development e.g. 0 2 -RlE. Suitable planarizing polymers 
include hardbaked diazonaphthoquinone novolac, 
polyimides, polyesters, polyacrylates and the like. It is 
desired that the imaging layer not admix with the planarizing 
layer during the coating process. 

The present invention also relates to an integrated circuit 
comprising a circuit made by the steps of (a) forming a film 
over a non conductive substrate, said film comprising poly 
(C 2 -C A2 alkylphenyl)silane; (b) imagewise exposing the 
film to radiation; (c) developing the image by art known 
techniques and (d) forming the circuit in the developed film 
on the substrate by art known techniques. 

In the bilayer resist, the image in the polysilane is 
transferred through the underlying planarizing polymer 
layer to the substrate by art known techniques such as 
oxygen plasma development. After the substrate has been 
exposed, circuit patterns can be formed in the exposed areas 
by coating the substrate with a conductive material such as 
conductive metals by art known techniques such as 
evaporation, sputtering, chemical vapor deposition or laser 
induced deposition. Dielectric materials may also be depos- 
ited by similar means during the process of making circuits. 
Inorganic ions such as boron, phosphorous or arsenic can be 
implanted in the substrate in the process for making p or n 
doped circuit traasitors. Other means for forming circuits 
will be known by those skilled in the art. 

The following examples are detailed descriptions of pro- 
cesses of the present invention. The detailed preparations 
fall within the scope of, and serve to exemplify, the more 
generally described processes set forth above. The examples 
are presented for illustrative purposes only, and are not 
intended as a restriction on the scope of the invention. All 
temperatures are in degrees Celsius. 

EXAMPLE 1 

Synthesis 

I. Poly(ethylphenylsilane) — A clean, dry 500 mL fiat 
bottom resin flask equipped with a condenser, argon inlet, 
addition funnel, and teflon mechanical stirrer was charged 
with 55 mL toluene and 2.0 g sodium (0.087 mol). The 
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mixture was brought to reflux and stirred at 1800 rpm for 45 
minutes producing a fine dispersion. After cooling to room 
temperature, 25 mL more toluene was added and the mixture 
heated to 65° in oil bath. A 50% solution (by volume) of 8.7 
5 g ethylphenyldichlorosilane (0.042 mol) in toluene was 
added dropwise over approx. 10 min. while stirring (600 
RPM), producing a viscous, purple reaction mixture. 
Quenching with isopropanol and work up of the reaction 
resulted in 1.16 g (20% yield) of a colorless solid, poly 
io (ethylphenylsilane) molecular weight Mw=9.2x l0 5 Daltons: 
Anal. Calc'd for C 8 H 10 Si: C, 71.57; H, 7.51 Si, 20.92; 
Found: C 71.47; H, 7.45; Si, 20.91. 

Using the above procedure and appropriate starting mate- 
rials the following polymers were also synthesized: 
15 Poly (n-hexyl-p-methoxyphcnylsilanc): Yield 18%; 
Mw=8.3xl0 5 Daltons: Anal. Calc'd for C 13 H 20 OSi; C, 
70.85, H, 9.15, Si 13.74; Found; C 70.89, H. 9.08, Si, 
13.70. 

Poly (n-hexylphenylsilane): Yield 21%; Mw 2.7x10* 
Daitons:=Anal. Calc'd for C^H 19 Si: C, 75.32; H, 
10.01; Si, 14.68., found C, 75.25; H, 9.83; Si, 14.68. 

Poly(ethyl-p-methoxyphenylsilane): Yield 18%; 
Mw=1.5xlO fi Daltons: Anal. Calc'd for C 9 H 12 0Si: C, 
25 65.80; H, 7.36; Si, 17.10. Found: C, 66.33; H, 7.32; Si, 
17.05. 

Poly(ethyl-p-t-butylphenylsilane): Mw=1.02xl0 6 Dal- 
tons; Yield 25%; Mw«Anal. Calc'd for C 12 H 18 Si: C, 
75.71; H, 9.53; Si, 14.75; Found: C, 75.75; H, 8.94; Si, 
30 14.31. 

EXAMPLE 2 

Bleaching Studies 

35 I. Films of polysilane (0.2-0.5 microns) were spin coated 
onto a quartz substrate. The films were irradiated with a 
range of 5 to 60 millijoules/cm 2 of 254 nm radiation and the 
absorb ance was measured at the wavelength X max by a 
diode array UV-Vis spectrophotometer. The results were as 

40 follows: 
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*1. poly (mtthylpheuylsilane) - prior art 

2. poly (ethylphenylsilane) - 

3. poly (hexylphenylsilaae) 

55 4. poly (ethyl-p-tert-butyl) phenyl silane 

II. Films of polymethylphenylsilane PMPS and poly 
(ethyl-t-butylphenyl) PEBPS silane were spin coated onto a 
silicon wafer. The films were then exposed to varying doses 

$o of radiation at 254 nm and developed by immersion in a 
mixture of t-butylacetate/isopropyl alcohol optimized for 
development of the specific polymer. The degree of degra- 
dation as measured by the normalized film thickness remain- 
ing was plotted as a log function of the dose to provide 

65 sensitivity contrast curves of FIG. 1. 

Although this invention has been described with respect 
to specific embodiments, the details thereof are not to be 
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construed as limitations for it will be apparent that various 
embodiments, changes and modificatioas may be resorted to 
without departing from the spirit and scope thereof, and it is 
understood that such equivalent embodiments are intended 
to be included within the scope of this invention. 
We claim: 

1. A process for generating a positive tone resist image in 
a film of poly(C2-C 12 alkylphenyl)silane comprising the 
steps of (a) forming a film of poly(C 2 .C 12 alkylphenyl) 
silane; (b) imagewise exposing the film to radiation at a 
wavelength of about 200 to 500 nm and (c) developing the 
image. 
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2. The process of claim 1 wherein said film is poly(C 2 -C s 
alkylphenyl)silane. 

3. The process of claim 2 wherein said film is poly 
(ethylphenyl)silane. 

4. The process of claim 2 wherein said film is poly 
(hexylphenyl)silane. 

5. The process of claim 2 wherein said film is poly(cthyl- 
t-butylphenyl)silane. 

6. The process of claim 1 wherein said film further 
comprises a sensitizer. 



